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WO 00/47765 PCT/GB00/00313 
MATERIALS AND METHODS RELATING TO THE DETECTION OF A CANCER CELL MARKER 

Field of the invention 

The present invention relates to materials and 
5 methods involved in the identification and use of a novel 

cancer cell marker. Particularly, but not exclusively, 
the present invention provides nucleic acid sequence and 
polypeptide sequence for Microphthalmia-associated 
transcription factor (Mitf) mRNA splice variants and 
10 methods for detecting said variants in cells such as 

melanoma cells. 



Background to the Invention 

The bHLH-LZ factor Mitf (Hodgkinson et al (1993) 

15 Cell 74, 395-404; and Moore et al (1995) Trends in Genet. 

11, 442-448) plays a crucial role in the development of 
the melanocyte lineage; mice bearing mutations in the 
microphthalmia gene lack neural crest-derived melanocytes 
(Stringrimsson et al, (1994) Nat. Genetics 8, 256-263; 

20 and Opdecamp et al (1997) Development 124, 2377-2386), 

and have small eyes due to aberrant formation of the 
retinal pigment epitheliun (RPE) (Nakayama et al (1998). 
Mec. Dev. 70, 155-166) . In humans, Mitf is mutated in 
individuals suffering from Waardenburg' s syndrome type II 

25 which is characterised by varying degrees of abnormal 

pigmentation and deafness, since melanocytes in the inner 
ear play an essential role in hearing (Steel and Barkway 
(1989), Development 107, 453-463). In addition, under 
some circumstances Mitf can convert fibroblasts to cells 

30 expressing melanogenic markers (Tachibana *et al (1996) 

Nature Genetics 14, 50-54). Based on transfection assays, 
Mitf has been shown to activate the expression of the 
melanocyte-specif ic genes Tyrosinases and TRP-1 (Bentley 
at al (1994) Mol. Cell Biol. 14, 7996-8006; Ganss et al 

35 (1994) J. Biol. Chem. 269, 29808-29816; Hemesath et al 

(1994) Genes Dev. 8, 2770-2780; Yasumoto et al (1994) 
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Mol. Cell Biol. 14, 8058-8070; Yavuzer et al (1995) 
Oncogene 10, 123-134) through an evolutionarily conserved 
11 bp sequence termed the M box (Lowings et al (1992) 
Mol. Cell. Biol. 12, 3653-3662). Further, the present 
5 inventors recently established that Mitf will recognise 

the sequences TCATGTGA, TCATGAGN or NCATGTGA (Aksan and 
Goding (1998) Mol. Cell Biol. 18, 6930-6938). 

In addition to being expressed in cells of the 
melanocyte lineage, Mitf is also found in a number of 
10 other cell types, including osteoclasts and mast cells. 

Thus, in addition to defects in the melanocyte lineage, 
mice lacking functional Mitf also suffer from 
osteopetrosis, reduced mast cell and natural killer cell 
numbers. 

15 In the melanocyte lineage where Mitf expression is 

driven by the MITF-M promoter, the Mitf mRNA is present 
in two differentially spliced forms which give rise to 
Mitf proteins which differ by an internal 6 amino acids 
(ACIFPT) located N- terminal to the DNA binding domain 

20 (Stringrimsson et al, (1994) Nat. Genetics 8, 256-263). 

The spliced form containing the additional 6 amino acids 
is termed Mitf ( + ) and the spliced form with the 6 amino 
acids absent is termed mitf (-) . However, little else is 
known of the different functions of the Mitf ( + ) and Mitf 

25 (-) proteins. 

Summary of the Invention 

The present inventors have found that in normal 
cells, the predominant form of Mitf mRNA is Mitf (+) 
30 whereas in certain cancer lines tested, the predominant 

form present of Mitf mRNA is Mitf (-) . 

Therefore, in a first aspect, the present invention 
provides the diagnosis of diseases associated with the 
differentially spliced forms of Mitf by use of specific 
35 binding members such as a) nucleic acid molecules 
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hybridisable with a nucleic acid specific to the ( + ) or 
(-) forms of Mitf mRNA or cDNA; b) substances comprising 
an antibody domain with specificity for epitopes or 
sequences characteristic of either the (+) or (-) forms 
5 of Mitf nucleic acid or polypeptide. 

The nucleic acid binding members may take the form 
of probes for detecting nucleic acid sequences specific 
for either (+) or {-) forms. As the Mitf (+) and Mitf (-) 
forms are splice variants, the genomic nucleic acid 

10 sequence will not distinguish between the two forms. 

However, the expressed mRNA will contain nucleic acid 
sequence specifically characteristic for both forms 
respectively. Likewise, the encoded polypeptides will 
have unique amino acid sequence. These characteristic 

15 properties may be utilised in connection with the present 

invention. The nucleic acid probes preferably comprise 
sequence having sufficient homology with the distinctive 
nucleic acid sequences of the Mitf (+) and Mitf (-) forms 
such that they will hybridize under relatively stringent 

20 conditions. The sequence of the probes may be 

conveniently derived from the sequence shown in Fig. 1, 
preferably comprising the region of the Mitf ( + ) as 
indicated. The probes are preferably at least 10 bp in 
length, more preferably at least 25bp in length, even 

25 more preferably at least 40bp in length and most 

preferably between 20 and 200bp in length. The sequence 
of the probe, as derived from the sequence as shown in 
Fig. 1, preferably has at least 60% homology with the 
sequence comprising the Mitf (+) sequence, "even more 

30 preferably 70%, most preferably 85% homology and 

particularly preferably 95% homology. In a further aspect 
of the present invention there is provided a nucleic acid 
sequence having at least 20bp (and preferably no more 
than lOObp) comprising the sequence as shown in Figure 1 

35 spanning the region indicated as Mitf (+) or its 
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complement sequence for use detecting the Mitf ( + ) 
spliced form of Mitf. In another aspect there is provided 
a nucleic acid sequence having at least 20bp (and 
preferably no more than lOObp) comprising the sequence as 
5 shown in Fig. 1 spanning the region indicated as Mitf (+) 

but excluding this region, for use in detecting the 
Mitf (-) spliced form of Mitf. It is likely that both 
spliced forms, i.e. both transcripts, of Mitf (+) and 
Mitf (-) will be present in the cells under test. 

10 However, it has been appreciated for the first time by 

the present inventors that the comparative expression of 
the transcripts alters between normal cells and cancer 
cells, e.g. melanocytes as compared to melanoma cells. 
Therefore, the detection of the different spliced forms 

15 of Mitf may be followed by comparison of the relative 

expressed amounts of each form, e.g the amount of 
mRNA/cDNA or the relative amount, e.g. ratio of expressed 
polypeptides. 

Binding of a probe to a target nucleic acid (e.g. 

20 cDNA or mRNA) may be measured using any of a variety of 

techniques at the disposal of those skilled in the art. 
For instance, probes may be radioactively, f luorescently 
or enzymatically labelled. Other methods not employing 
labelling of probes include examination of restriction 

25 fragment length polymorphisms, amplification by PCR, 

Rnase cleavage and allele specific oligonucleotide 
probing. 

Probing may employ the standard Southern or Northern 
blotting technique. For instance mRNA or cfDNA may be 

30 extracted from cells and digested with different 

restriction enzymes. Restriction fragments may then be 
separated by electrophoresis on an agarose gel, before 
denaturation and transfer to a nitrocellulose filter. 
Labelled probe may be hybridised to the cDNA or RNA 

35 fragments on the filter and binding or intensity of 



WO 00/47765 PCT/GBOO/00313 

5 

binding determined. CDNA for probing may be prepared from 
RNA preparations from cells. 

Nucleic acid sequences derived from the sequence 
shown in Fig. 1 and particularly the sequence spanning 
5 the Mitf(+) sequence, are useful for (a) identifying the 

presence or absence of the Mitf(+) and Mitf (-) spliced 
forms or (b) quantifying the transcribed amounts of the 
Mitf (+) and Mitf (-) spliced forms in a test sample. The 
present invention provides, a method of obtaining nucleic 

10 acid of interest, the method including hybridisation of a 

probe having a sequence including the Mitf ( + ) sequence 
as shown in Fig.l, variant mutant or allele thereof or a 
complementary sequence, to the target nucleic acid, 
preferably mRNA or cDNA. Hybridization is generally 

15 followed by identification and quantification of 

successful hybridization. In a particular preferred 
method, mRNA is extracted from cells under test and cDNA 
is produced therefrom using Reverse transcriptase PCR 
(RT-PCR) . The produced cDNA will therefore reflect the 

20 mRNA forms of Mitf expressed in the test cell. Known 

techniques can then be carried out using the cDNA to 
determine the character and quantity of the expressed 
Mitf forms, for example, hybridization probes, Rnase 
protection etc. A further preferred method includes in 

25 situ hybridization where labelled antisense 

oligonucleotides of approximately 14 to 100 nucleotides, 
preferably 20 to 60 nucleotides, even more preferably 40 
to 50 nucleotides, are contacted with the cells under 
test and hybridization to the mRNA transcripts are 

30 detected using the label, e.g. radioactivity where the 

oligonucleotides are end labelled using, for example a 35 S 
dATP. Such oligonucleotides may also be used on Northern 
blots . 

Further, there are provided nucleic acid molecules 
35 (oligonucleotides) for use as primers for amplification 
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procedures such as PCR for detecting the presence or 
absence of the Mitf (+) and Mitf (-) spliced forms or to 
determine which spliced form is predominantly present in 
a sample. An oligonucleotide for use in nucleic acid 
5 amplification may have about 30 bp or fewer in length. 

Generally specific primers are upwards of 14 nucleotides 
in length, but not more than 18 to 20. Those skilled in 
the art are well versed in the design of primers for use 
in processes such as PCR. Primers may be derived from the 

10 sequence shown in Fig. 1 and may, for example, be derived 

from the sequence indicated in the Figure. By designing 
primers that will amplify a region of nucleic acid 
including the Mitf (+) region, the presence of the two 
spliced forms will be indicated by the amplification of 

15 two nucleic acid molecules having different lengths, i.e. 

one nucleic acid molecule comprising the Mitf ( + ) region 
indicated in Fig. 1 and the other having this region 
missing and as a consequence being approximately 18 
nucleotide bases shorter. The skilled person can 

20 determine the different sizes of the resulting amplified 

nucleic acid molecules by, e.g. gel electrophoresis or 
standard sequencing protocols. Further, the amounts of 
the two spliced forms can be quantified by standard 
methods such as autoradiography, spectrophotometry 

25 densitometry and fluorometry 

The present invention also provides specific 
binding members comprising an antibody binding domain 
with specificity for one or more epitopes characteristic 
of Mitf (+) and Mitf (-) respectively. As thfe spliced 

30 variants comprise a different nucleic acid sequence, the 

encoded polypeptides will also differ in their amino acid 
sequence. This means that the encoded polypeptides will 
differ from each other with regard to their immunogenic 
properties. In other words, the two forms of encoded 

35 polypeptide will possess distinguishing epitopes as a 
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result of different amino acid sequence and/or as a 
result of different folding or conformational properties. 
These distinguishing immunogenic properties may be 
utilised in accordance with the present invention. 
5 The specific binding members may comprise 

antibodies, either monoclonal or polyclonal. 
Alternatively they may comprise derivatives, synthetic 
analogues or fragments of such antibodies which retain an 
antibody binding domain with the specificity described 

10 above. 

The inventors' provision of the sequences herein, 
allows one of ordinary skill in the art to make 
monoclonal and polyclonal antibodies which specificity 
for the desired polypeptide/protein by the utilization of 

15 standard procedures well known in the art. Of course, 

having once produced an antibody, they may be altered to 
produce antibody derivatives, fragments or functional 
equivalents (with respect to specificity) which whilst 
differing from the original antibody, retain an antibody 

20 binding domain or required specificity. The term 

"specific binding member comprising an antibody binding 
domain" as used herein hence covers both monoclonal and 
polyclonal antibodies as well as fragments, derivatives 
and functional equivalents thereof. 

25 The present invention provides a specific binding 

member which is either (a) specific for the Mitf ( + ) 
polypeptide sequence as shown in Fig. 1 or a derivative, 
allele, mutant or fragment thereof; (b) specific for the 
Mitf(-) polypeptide sequence as shown in Fig. 1 or a 

30 derivative, allele, mutant or fragment thereof; or (c) 

specific for either a Mitf(+) or Mitf(-) polynucleotide 
sequence. 

The amount of each spliced variant form, Mitf (+) or 
Mitf (-) may be determined by standard techniques known to 
35 the skilled person, for example, the binding members may 
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be labelled for detection and quantif ication, e.g. 
radioactive labelling, fluorescent labelling, enzyme 
labelling, or further antibody labelling. 

The provision of the novel Mitf (+) and Mitf (-) 
5 polypeptides as shown in Fig. 1. enables for the first 

time the production of antibodies able to bind them 
specifically. Accordingly, a further aspect of the 
present invention provides an antibody able to bind 
specifically to a Mitf(+) or Mitf (-) polypeptides whose 

10 sequences is given in Fig. 1. Such antibodies may be 

specific in the sense of being able to distinguish 
between the polypeptides they are able to bind and other 
human polypeptides for which they have no or 
substantially no binding affinity (e.g. a binding 

15 affinity of about lOOOx worse) . Specific antibodies bind 

an epitope on the molecule which is either not present or 
is not accessible on other molecules. Where a panel of 
antibodies are used, e.g. different antibodies which are 
independently specific for each spliced variant form, 

20 different reporting labels may be employed for each 

antibody so that binding of each can be observed and 
quantified. 

As described above, the present inventors have 
determined that differential expression of the two 

25 spliced variant forms of Mitf (-) and Mitf ( + ) occur in 

tumour cell as opposed to normal cells. In particular, 
the inventors have shown the Mitf (-) form is 
predominantly expressed in tumour cells. As a result of 
this, detection and quantification of the differential 

30 expression of the two spliced variants provides a useful 

diagnostic tool for determining the presence, type and 
duration of tumours, for example, melanoma. 

Methods for determining the concentration of 
analytes in biological samples from individuals are well 

35 known in the art and can be employed in the context of 
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the present invention to determine whether an individual 
has an elevated level of Mitf (-) expression as compared 
to the Mitf (+) expression, and so has or is at risk from 
cancer. The purpose of such analysis may be used for 
5 diagnosis or prognosis to assist a physician in 

determining the severity or likely course of the cancer 
and/or to optimise treatment of it. 

Preferred diagnostic methods rely on the detection 
and quantification of the two spliced variant forms in 

10 biological samples such as tissue cells, for example, 

naevi cells, primary or secondary melanomas, mast cells 
or osteoclasts and other cell types expressing Mitf mRNA. 

Assay methods for use in such diagnosis utilise the 
binding members as described above. Conveniently, where 

15 the binding members are nucleic acid probes or antibody 

binding regions, they may be immobilised on a solid 
support, e.g. at a defined location, to make it easy to 
manipulate during the assay. 

The biological sample under test is generally 

20 contacted with the binding' member under appropriate 

conditions so that the Mitf spliced variant forms can 
bind to the member. The occupancy of the binding sites of 
the binding members can then be determined using a 
developing agent or agents. Typically the developing 

25 agents are labelled (e.g. with radioactive fluorescent or 

enzyme labels) so that they can be detected using 
techniques well known in the art. Thus, radioactive 
labels can be detected using a scintillation counter or 
other radiation counting device, fluorescent labels using 

30 a laser and confocal microscope, and enzyme labels by the 

action of an enzyme label on a substrate, typically to 
produce a colour change. The developing agent can be used 
in a competitive method in which the developing agent 
competes with the spliced variant forms for occupied 

35 binding sites of the binding label, or non-competitive 
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method, in which the labelled developing agent binds the 
variant spliced forms bound by the binding member or to 
occupied binding sites. Both methods provide an 
indication of the number of the binding sites occupied by 
5 the first spliced variant form, and hence the 

concentration of the form in the sample, e.g. by 
comparison with a previous assay for the second variant 
form. 

Thus, the present invention provides a method of 
10 diagnosing a cancer or risk of a cancer, for example, 

melanoma, in a patient comprising determining the level 
of expression of the alternative spliced variant forms 
mitf (+) arid Mitf (-) in a biological sample obtained from 
a patient. 

15 There is also an increasing tendency in the 

diagnostic field towards miniaturisation of assays as 
described above, e.g. making use of binding agents (such 
as antibodies or nucleic acid sequences) immobilised in 
small, discrete location (microspots) and/or as arrays on 

20 solid supports or on diagnostic chips. These approaches 

can be particularly valuable as they can provide great 
sensitivity (particularly through the use of fluorescent 
labelled reagents) , require only very small amounts of 
biological sample from individuals being tested and allow 

25 a variety of separate assays can be carried out 

simultaneously. Examples of techniques enabling this 
miniaturised technology are provided in WO84/01031, 
WO88/01058, WO89/01157, W093/88472, W095//18376, 
W095/18377, W095/24649 and EP-A-0373203 . Thus in a 

30 further aspect, the present invention provides a kit 

comprising a support or diagnostic chip having 
immobilised thereon one or more binding members capable 
of specifically binding either of the spliced variant 
forms Mitf(+) and Mitf(-), optionally in conjunction with 

35 other reagents (such as labelled developing reagents) 
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needed to carry out an assay. 

The present inventors have also found that it is 
possible to switch expression from the Mitf (+) form to 
the Mitf (-) form of Mitf mRNA in cells by ectopic 
expression of a constitutively active mitogen-activated 
kinase kinase (MAPKK or MEK) . Therefore, the present 
invention also provides a method for screening for 
candidate compounds capable of modifying expression of 
Mitf mRNA transcripts, said method comprising exposing 
cells capable of expressing Mitf mRNA to candidate 
compounds; detecting expression of Mitf (+) and Mitf (-) 
forms of Mitf mRNA; and selecting those compounds which 
modify the ratio of Mitf (+) expression to Mitf (-) 
expression. A comparison step may in included in this 
15 method whereby the ratio of Mitf (-) to Mitf ( + ) 

expression is compared to a control step in which the 
candidate compound has been omitted. 

There is further provided a method for screening for 
compounds capable of inhibiting the relative increased 
20 expression of the Mitf (-) transcript as compared to the 

Mitf (+) transcript, said method comprising contacting a 
cell in an environment such that it is capable of 
expressing Mitf mRNA with a candidate compound and 
detecting the relative expression of Mitf (+) and Mitf 
25 (-) forms of Mitf mRNA; and comparing said relative 

expression with that in a control cell from the same 
environment in order to determine the inhibition 
capabilities of the candidate compound. Preferably the 
cells are melanocytes and the candidate compounds have 
30 the potential ability to inhibit the MAPkinase pathway 

directly or indirectly by, for example, inhibition of 
receptor tyrosine kinase function or RAS or other steps 
in the MAPkinase signalling cascade. Such a method is 
useful in determining compounds capable of preventing the 
35 switch to increased expression of the Mitf (-) form as 
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opposed to the Mitf ( + ) form. Such determined compounds 
may then be utilised in the treatment of cancer cells 
associated with the increased expression of the Mitf (-) 
transcript . 

The present invention also provide a cell system 
model for use in testing or screening for candidate 
compounds capable of influencing the relative expression 
of the Mitf (-) form of Mitf mRNA as compared to the Mitf 
( + ) form of Mitf mRNA, i.e screening for compounds 
capable of altering the ratio of the Mitf ( + ) and Mitf (- 
) forms as compared to a control system absent of said 
candidate compound. Such a system may further be used to 
monitor the progress of a cancer and/or the success of 
any therapeutics. Such candidate compounds may be of use 
as therapeutics. 

Aspects and embodiments of the present invention 
will now be illustrated, by way of example, with 
reference to the accompanying figures. Further aspects 
and embodiments will be apparent to those skilled in the 
art. All documents mentioned in this text are 
incorporated herein by reference. 

Brief Description of the Drawings 

In the Figures: 

Figure 1: DNA and polypeptide sequences 
corresponding to human (hsMitfna) or mouse (mmMitfna) 
Mitf. Sequences indicated in bold type correspond to the 
6 amino acids uniquely present in the Mitf (+) protein. 
Sequences underlined indicate bases uniquely present in 
the Mitf (+) cDNA. The locations of the primers used for 
the PCR reactions are indicated. 

Figure 2: A) RT-PCR using RNA derived from the 
indicated cell lines (melan-a, mouse melanocyte; B16, 
relatively differentiated mouse melanoma; MM96, human 
melanoma) . The primers used for the PCR reaction are 
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indicated on the attached Mitf sequence in Figure 1. 

Figure 2: B) The melan-a cell line was infected with 
a retrovirus expressing a 6xHIS tagged version of the 
constitutively activated form of the MAPkinase kinase MEK 
5 (MEK. EE) and two clonal cell lines (MEK1 and MEK2) were 

isolated. Constitutively active MEK expression was 
detected using an antibody directed against the 6xHIS 
tag. MEK1 express a low level of constitutively active 
MEK and MEK2 at higher level. 

10 Figure 2: C) RT PCR using the same primers as in A) 

and RNA derived from the indicated cell lines. An Mitf (-) 
cDNA was used as a control. Little or no Mitf (+) mRNA is 
detected in the MEK1 and MEK2 cell lines. 

Figure 2: D) Control: PCR using specific Mitf 

15 primers and a mixture of the Mitf ( + ) and Mitf (-) cDNAs as 

a control for the size of the PCR products expected. M: 
size markers derived from lOObp ladder (BRL) showing 
positions of 200 and 300bp markers. Dx3, HMB2, MeWo, VUP, 
A375P and A375M are all human melanoma cell lines 

20 provided by Prof. Ian Hart. St Thomas's Hospital London. 

Detailed description 

Using RNA derived from the melanocyte cell line 
melan-a together with reverse transcription coupled with 

25 the polymerase chain reaction (RT-PCR) using primers 

corresponding to sequences flanking the differential 
splice, it is possible to distinguish PCR products 
corresponding to cDNAs derived from the Mitf (+) and 
Mitf (-) mRNA. In the mouse melanocyte cell line melan-a, 

30 and in the relatively differentiated mouse melanoma cell 

line B16, the predominant form of Mitf mRNA expressed is 
the Mitf{ + ) form (Figure 2A) . 

In contrast, in two human melanoma cell lines MM96 
and SOlmel, RT-PCR reveals that the Mitf (-) form of Mitf 

35 mRNA is the predominant form present (Figure 2A) 
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The present inventors have also found that it is 
possible to switch expression from the ( + ) form to the (- 
) form of Mitf in the melanocyte melan-a cell line by the 
ectopic expression of a constitutively active mitogen- 
activated kinase (MAPKK or MEK) (Figure 2B and C) . Since 
Mek activates MAPkinases such as ERK2, it would appear 
that constitutive activation of the MAPkinase signalling 
pathway leading to activation of MEK and ERKs results in 
cells expressing the Mitf (-) form in preference to the 
Mitf (+) form. 

The preferential expression of the Mitf (-) form of 
Mitf mRNA in melanoma cells might be accounted for by 
constitutive signalling by the MAPkinase pathway, 
resulting either from the constitutive activation of 
receptor tyrosine kinases, a characteristic of melanomas, 
or other events leading to constitutive activation of the 
MAPkinase signalling cascade eg, activating mutations of 
Ras (reviewed in Chin et al., 1998; Genes Dev. 12, 3467- 
3481) . 

The expression of differentially spliced forms of 
Mitf mRNA or protein may be detected by 

(i) RT-PCR, 

(ii) by fluorescent in situ hybridisation using a 
probe hybridizing specifically to either 
the {+) or (-) forms of Mitf mRNA, 

(iii) by using a specific antibody directed against 
epitopes uniquely present in either the (-) or 
( + ) form of Mitf protein. 

These reagents may be used to determine the relative 
proportions of Mitf (-) or ( + ) forms of mRNA or protein 
present in cell lines, or in primary tissue derived from, 
for example, naevi or primary or secondary melanomas. 
The ratio of Mitf (-) and Mitf (+) forms detected are 
considered to be indicative of the state of activation of 
the MAPkinase or other signalling cascades and as such 
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can be used as a prognostic or diagnostic marker for 
melanoma progression or as a means to monitor changes in 
melanomas following treatment. 

All potential applications for melanocytes and 
5 melanomas should also be applicable to other cells types 

in which Mitf is expressed eg. mast cells or osteoclasts. 

An example of a cell system for determining the 
relative expression of the two Mitf splice variants is 
described as follows. 

10 The untransformed melanocyte-cell line (Bennett, 

D.C., et al. Int J. Cancer 39:414-418) was infected with 
a retrovirus (pBabePuro) containing a drug resistance 
marker and expressing a dominant positive form of the 
MAPKK containing the S217E, S221E mutation, with a 6xHis 

15 tag at the C-terminus. The WT MAPKK has a Genbank 

accession No. Z30163, while mutant derivative of MAPKK 
has been described previously (Cowley, S., et al (1994), 
Cell, 77, 841-852) and the retroviral expression vector 
was provided by Prof. Chris Marshall (Institute for 

20 Cancer Research London). The infected melan-a cells were 

placed in selection medium containing puromycin to permit 
the growth of retrovirally infected cells and clonal cell 
lines established using standard cell cloning techniques. 
The two derivative cell lines, MEK1 and MEK2, were shown 

25 to express low or high levels of constitutively active 

MEK by western blotting using an anti-His tag antibody 
(see Fig 2). Whole cell RNA from all cell lines was 
isolated using standard techniques and a reverse 
transcription reaction performed using random primers and 

30 AMV reverse transcriptase. 

The relative proportions of Mitf (-) and Mitf (+) 
mRNAs was determined following PCR using the primers 
indicated in Fig. 1 followed by agarose gel 
electrophoresis and visualisation under UV light after 

35 staining with ethidium bromide. 
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Figure 2D illustrates tests to determine the ratio 
between the Mitf (-) and Mitf ( + ) forms in various human 
melanoma cell lines. In brief, total cytoplasmic RNA was 
prepared from the indicated cell lines and subjected to 
RT PCR using specific Mitf primers (see Fig. 1) . The PGR 
products obtained were resolved by agarose gel 
electrophoresis before visualisation by staining with 
ethidium bromide and photography under UV light. 

The differences in ratio between the Mitf (-) and 
Mitf ( + ) forms are readily observed. Most notably, the 
difference is seen in the A375P and A375M lines. A375P 
has been described as a human low metastatic cell line 
and A375M as a high metastatic variant of A375P (see for 
example Hendrix, M.J. et al (1987): A simple quantitative 
assay for studying the invasive potential of high and low 
human metastatic variants. Cancer Lett. 38, 137-147. and 
references therein) . 
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Claims 

1 . A method of determining the predominance of either 
of the splice variants Mitf (-) and Mitf (+) in a 

5 biological sample, said method comprising the steps of 

independently detecting Mitf(-) and Mitf ( + ) followed by 
comparing the amounts of said spliced variants in order 
to determine which splice variant is predominant in said 
sample . 

10 

2. A method according to claim 1 wherein said splice 
variants are independently detected on the basis of their 
size difference. 

15 3 . A method according to claim 1 or claim 2 wherein 

said splice variants are in the form of mRNA and said 
method further comprises amplifying said splice variants 
prior to detection using RT-PCR to produce cDNA 
corresponding to either Mitf(-) or Mitf(+). 

20 

4. A method according to claim 3 wherein said RT-PCR 
uses nucleic acid primers designed from the sequence 
shown in Figure 1 . 

25 5. A method according to claim 4 wherein said primers 

correspond to primer 1 and primer 2 as identified in 
Figure 1. 

6 . A method according to any one of claims 3 to 5 
30 wherein said cDNA corresponding to either Mitf (-) or 

Mitf ( + ) is independently detected on the basis of size by 
electrophoresis . 

7. A method according to claim 1 wherein said splice 
35 variants are independently detected using specific 

binding members capable of specifically binding to either 
Mitf (-) or Mitf ( + ) . 
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8. A method according to claim 7 wherein said specific 
binding members are nucleic acid probes. 

9. A method according to claim 7 wherein said sliced 
5 variants are in the form of polypeptides and said 

specific binding members are antibodies. 

10. A method according to claim 8 or claim 9 wherein 
said nucleic acid probes or said antibodies are labelled 

10 to assist detection. 

11. A nucleic acid molecule having between 20bp and 
lOObp comprising the sequence as shown in Figure 1 
spanning the region indicated as Mitf (+) but excluding 

15 this region, for use in detecting the Mitf (-) form of 

Mitf. 

12. A nucleic acid molecular having between 20bp and 
lOObp comprising the sequence as shown in figure 1 

20 spanning the region indicated as Mitf (+) and including 

this region, for use in detecting the Mitf (-) form of 
Mitf. 

13. A nucleic acid molecule for use as a primer for 
25 amplification procedure such as PCR for detecting the 

presence or absence or the Mitf (-) and Mitf (+) spliced 
forms or to determine which spliced form is predominantly 
present in a sample, said nucleic acid molecule 
comprising a sequence designated primer 1 or primer 2 as 
30 shown in Figure 1. 

14 . A nucleic acid molecule according to claim 13 having 
less than 30bp. 

35 15. A specific binding member which is either (a) 

specific for Mitf ( + ) polypeptide sequence as shown in 
Figure 1 or a derivative, allele, mutant or fragment 
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thereof; (b) specific for the Mitf (-) polypeptide 
sequence as shown in Fig. 1 or a derivative, allele, 
mutant or fragment thereof; or (c) specific for either a 
Mitf (-) or Mitf ( + ) polynucleotide sequence. 

5 

16. A specific binding member according to claim 15 
comprising an antibody domain specific for one or more 
epitopes characteristic of Mitf ( + ) or Mitf (-) 
respectively. 

10 

17. A specific binding member according to claim 15 
which is labelled to aid detection and quantification. 

18. A specific binding member according to any one of 
15 claims 15 to 17 immobilised on a support or diagnostic 

chip. 

19. Use of a specific binding member according to any 
one of claims 15 to 18 for diagnosing a disease state or 

20 risk of said disease state in a patient. 

20. Use of a specific binding member according to any 
one of claims 15 to 17 in the preparation of a diagnostic 
or prognostic tool for determining a disease state or 

25 risk of a disease state in a patient. 

21. A method of diagnosing a disease state or risk of a 
disease state in a patient comprising determining the 
level of expression of the alternative spliced variant 

30 forms mitf ( + ) and Mitf (-) in a biological sample obtained 

from a patient. 

22 . A method according to claim 21 wherein the disease 
state is cancer. 

35 

23. A method according to claim 22 wherein the cancer is 
melanoma. 
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24 . A kit for use in determining the predominance of 
Mitf (+) or Mitf (-) in a biological sample in a method 
according to any one of claims 1 to 10, said kit 
comprising nucleic acid primers according to claim 12 or 

5 claim 14. 

25. A kit according to claim 24 further comprising a 
support or diagnostic chip having immobilised thereon one 
or more specific binding members capable of specifically 

10 binding either of the spliced variant forms Mitf (+) and 

Mitf (-) . 

26. A method of screening for candidate compounds 
capable of affecting expression of Mitf mRNA transcripts, 

15 said method comprising exposing cells capable of 

expressing Mitf mRNA to candidate compounds; detecting 
expression of Mitf (+) and Mitf (-) forms of Mitf mRNA; and 
selecting those candidate compounds which affect the 
ratio of Mitf ( + ) expression to Mitf (-) expression. 

20 

27. A method of screening for compounds capable of 
inhibiting the relative increased expression of the 
Mitf {-) transcript as compared to the Mitf (+) transcript, 
said method comprising contacting a cell in an 

25 environment such that it is capable of expressing Mitf 

mRNA with a candidate compound and detecting the relative 
expression of Mitf (-) and Mitf (+) forms of Mitf mRNA; and 
comparing said relative levels of expression with that in 
a control cell from the same environment in order to 

30 determine the inhibition capabilities of the candidate 

compounds . 

28. A method according to claim 27 wherein the cell is a 
melanocyte. 

35 

29. A method according to claim 27 or claim 28 wherein 
the step of detecting the relative expression of Mitf (-) 
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and Mitf (+) forms is carried out in accordance with the 
method of claim 1 . 

30. A method according to any one of claims 27 to 29 
5 wherein said candidate compounds are initially selected 

owing to their potential ability to inhibit the MAPkinase 
pathway. 
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